The aim of this study is to characterize the chemical composition, in vitro antioxidant and anticancer activity of chloroform fraction of Swertia chirata L. (Family Gentianaceae). GC-MS analysis of chloroform fraction of S. chirata (CFSc) identified twenty-five compounds belonging to different chemical class. Among these important classes of compounds were tri-terpenoids, phenol, acids, and fatty acids. Phytochemical analysis of CFSc was well supported by its Total Phenolic Content and antioxidant activity with in vitro anticancer activity which was evaluated by MTT assay It was also seen that CFSc exhibited anti-proliferative activity against human breast cancer cell lines (MDA-MB-231 and MCF-7). In conclusion; Study revealed an extensive biochemical profile of CFSc as well its potential as a pharmacological agent with respect of its antioxidant and anti-cancer property. More safety and toxicological studies are needed to be addressed to ensure the use of CFSc for medicinal purposes.
INTROdUCTION
Since ancient times plants parts and their products have been used for their innate medicinal properties and the search is still ongoing. Many plant based natural compounds have shown their efficacy as anti-microbial, anti-cancer, anti-viral as well as anti-inflammatory agents 1 . Moreover, plants have yielded many potent drugs that are very much in use in modern medicine eg morphine, a known analgesic is isolated from fruit of Papaver somniferum 2 . Medicinal plants are potential source of secondary metabolites in the form of flavonoids, anthocyanins, tannins, dietary glutathionine, and vitamins and these metabolites are the actual determinants of their pharmacological properties 3 . Detailed biochemical analysis of these metabolites have identified agents like Taxol 4 , from Taxus brevifolia, Vincristine and Vinblastine 5 from Vinca rosea Linn.(Periwink Plant), These beneficial phytochemicals either act by inhibiting of the production of free radicals and/or inactivating free radicals by quenching singlet and triplet oxygen, decomposing hydrogen peroxide and inhibiting various enzymes 3 . For example, phenolic compounds in medicinal plants possess strong antioxidant activity and hence protect cells against the oxidative damage caused by free radicals 6, 7 . Since free radicals are proven for igniting pathogenesis of various serious diseases e.g. cancer, atherosclerosis and neurodegenerative diseases 8 , therefore, emphasis should be on inhibition of free radicals and use of natural agents can be a plausible choice in this regard.
For India and its neighboring countries, Swertia chirata of family Gentianaceae is an esteemed herb because of its wide and easier availability. S. chirata plant is generally known to possess anti-viral 9 , anti-inflammatory 10 , anthelmintic 11 , and anti-carcinogenic 12 activities due to the presence of phytochemicals like flavonoids, xanthones, terpenoids, iridoid, amarogentin, swerchirin, opelic acid and gentiopicriseco iridoid glycosides 13 . However, identification of the biochemical entities of chloroform fraction of S. chirata (CFSc) has not been previously explored.
Therefore in present study, we analysis carried out the entire biochemical profile of CFSc by GC-MS/MS method. We also identified the phytochemical components of this fraction which is probably responsible for antiproliferative activity against human breast cancer cell lines (MDA-MB-231 and MCF-7) as observed in this study.
MATERIALS ANd METHOdS

Collection and identification of plant material
Aerial part of S. chirata was purchased and identified by Department of Botany, Shia P.G. College, Lucknow. After washing and drying, the plant material was made into fine powder form. It was then stored in a clean, dry and sterile container for further use.
Preparation of Extract
The powdered material (500 g) was extracted in methanol (100%) by percolation at room temperature. The extract was concentrated in vacuum evaporator, and was kept in vacuum desiccators for complete removal of solvent and weighed (quantity≈70g). This crude methanolic (fig 1) . Vacuum evaporator was used to concentrate chloroform fraction and then it was kept in vacuum desiccator for complete removal of solvent leaving the weighed (quantity≈10g) chloroform fraction. The percentage yield was expressed in terms of air dried weight of plant material.
GC-MS/MS Analysis
GC-MS/MS of Thermo TSQ Quantum XLS with Triplus autosampler equipped with triple quadrapole was used for the identification of different components of chloroform fraction. The sample was injected on Elite-5MS (30 m x 0.25 mm ID, 0.25 µm film thickness) column. Helium gas (99.999%) was used as carrier gas at a constant flow rate of 1.1ml/ min. with splitless mode, and sample (1µl) was injected into the system. The solvent delay was 6.5 min. and the total GC-MS running time was 55 min. with full scan mode with injector port silylation in which derivatizing agent was used BSTFA (1.5µl). Various compounds were identified by their retention time and based on NIST MS 2.0 library research has derived mass fragmentation pattern of the CFSc (Fig 2.) .
determination of the total phenolic content
Total phenol contents was determined by Folin-Ciocalteu reagent method with slight modifications (14) using Gallic acid as a standard phenolic curve. In brief 0.1 ml of CFSc (1mg/ml) was added to 1 ml 10% Folin-Ciocalteu reagent and incubates for five minute. After five minute 0.8 ml solution of Na 2 CO 3 (10% w/v in distilled water) was added and allowed to stand for 15 minutes at 25 0 C with alternating shaking. Sample was vortexed again and the absorbance of resultant solutions was measured at 725 nm using Thermo-Fisher spectrophotometer after incubation at 25°C for 1 h. The total phenolic contents were expressed as mg of Gallic acid equivalent (GAE)/ g plant dried weight.
Free radical-scavenging activity: dPPH assay DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging activity was evaluated based on method 15 . A stock solution of 0.052 mg/ml of DPPH was prepared in methanol. The diluted fraction (1mg/ ml) was mixed with DPPH solution, concentrations range (6.25 -400 µg/ml) and allowed to stand in dark at RT for 20 minutes. The control was prepared as above without any extract. The reaction mixture was observed at 517nm against a water blank, with a Double Beam Spectrophotometer 2203 using Ascorbic acid as reference material. DPPH radical scavenging activity was calculated as follows:
% inhibition = [Abs sample -Abs control)/ (Abs control)] X 100 Control = 1.0 mL methanol + 1.0 mL DPPH
Cell line and culture
Human breast cancer (MDA-MB231 and MCF-7) cell line was obtained from Cell repository, National Center for Cell Science (NCCS), Pune, India. MDA-MB-231 and MCF-7 were cultured with medium RPMI supplemented with 5% FBS and 10% FBS respectively with 1% penicillin/ streptomycin solution and grown at 37°C, 5% CO 2 in a humidified chamber.
Cell Viability assay
MTT reduction assay was used to evaluate anti-proliferative activity of CFSc. This assay is based on enzymatic reduction phenomenon of MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) dye. The assay provides a direct relationship between the viable cells and color formation (absorbance). For this purpose, breast cancer cells (5x10 3 ) were seeded in 100 ìL RPMI media in each well of a 96-well culture plate for 24h at temperature of 37 o C and humidity of 5% CO 2 . Stocks of sample were prepared in DMSO and diluted to desired concentrations (6.25 to 400µg/ml) in media and added to wells in triplicate manner. After 24h of treatment, 10 ìL of MTT (5 mg/mL) dye was added to each well, and then it was further incubated for H -1 h at 37 o C until development of formazan blue crystals. The supernatant was discarded from each well, and then 100µL of DMSO was added to solubilize formazan crystals for 10 min. at 37 o C. The absorbance was recorded at 540 nm by a microplate reader (BIORAD-680). The percentage viability was calculated by using the formula: % Growth inhibition = 100 -%Cell viability* Where *% Cell viability = [OD of treated)/ (OD of control)] X 100 (OD = optical density)
Statistical Analysis
The data presented as means SD were analyzed using ANOVA. Dunnett's multiple range test (DMRT) was used to determine significant differences between means. The results were considered statistically significant if the P values were 0.05 or less.
RESULTS ANd dISCUSSION
Phytochemical contents of Chloroform Fraction of S. chirata G C -M S / M S b a s e d q u a l i t a t i ve a n d quantitative analysis of CFSc revealed presence of different volatile organic compounds listed in Table   2 with distinctive chromatogram as shown in Fig. 2 . The CFSc was analyzed through GC-MS and it was found to contain 25 chemical constituents eluted between 7.13 and 47.25 min. From the qualitative and quantitative analysis of the CFSc, these 25 compounds were tentatively classified into different chemical classes including acid , alcohol , aldehyde, ester, hydrocarbon, ketone, fatty acids and some other compounds which were grouped as miscellaneous. The major phytochemicals identified in CFSc were xanthones, terpenoids, and polyphenols. These findings are well in accordance with previous reports where ethanolic extracts of S. chirata have shown the presence of these phytochemicals in significant amounts 16, 20 . Among these phytochemicals the anti-tumor activity of xanthones is well known, which include cell cycle arrest, suppression of tumor cell proliferation, induction of apoptosis and differentiation, reduction of inflammation, and inhibition of adhesion, invasion, and metastasis [21] [22] [23] . Presence of this important phytochemical in CFSc entails its significant medicinal property. Another chemical class which was found to be present in CFSc was fatty acids such as docosanoic acid, benzoic acid and azalic acid. These fatty acids have also been shown to exhibit pharmacological properties such as anti-inflammatory, anti-cancer and anti-diabetic 24, 25 . Furthermore, our findings also revealed tri-terpenoids as the most dominant chemical class found in CFSc with highest proportion (13.88%). Interestingly we found two major bioactive compounds belonging to tri-terpenoids family, [(Urs-12-en-28-al,3-acetyloxy)] a Ursolic acid derivative and viminalol to be present in CFSc in substantial amounts. The presences of these tri-terpenes have not been previously reported in CFSc. However, both Ursolic acid which is nontoxic, penta-cyclic tri-terpenoid and viminalol (a-amyrin) are known for their widespread medicinal properties such as anti-inflammatory, chemo-protective, antimicrobial, antinociceptive and hepatoprotective and antioxidant 
Total phenolic content of Chloroform fraction of S. chirata
Among many secondary metabolites of plants, the phenolic or polyphenols are very important by virtue of their antioxidant activities through chelating redox-active metal ions, inactivating lipid free radical chains, and avoiding the hydro-peroxide conversions into reactive oxy-radicals 26 . Most of the plant based anti-cancer compounds belong to the polyphenols sub-family of natural products and contribute to their anti-proliferative activity 27 . It is expressed in terms of Gallic acid equivalent (the standard curve equation: y = 7.026x -0.0191, r2 = 0.999). In our study, we reported the total phenolic content of the CFSc which was found to be 9.1mg, which is expressed as mg of GAE/g of extract. Therefore, our results suggested that CFSc contained high overall levels of biochemically active polyphenols.
Free radical scavenging activity of Chloroform fraction of S. chirata by dPPH
The DPPH test determines the antioxidant activity based on the ability of the phenols to neutralize the stable free radical DPPH 28 . In order to determine the free radical scavenging activity of CFSc, we performed DPPH assay in a dosedependent scavenging activity of free radicals as shown in (Fig 2) . The highest free radical scavenging activity (77.5%) was observed at 200µg/ml with an IC 50 of 23±3.2ìg/ml and this activity was comparable to that of ascorbic acid (6±8.2µg/ml). Free radical scavenging activity has been significantly associated with the property of natural compounds to inhibit the deleterious effects of free radicals. Protection of cells from free radical can reduce chances of initiation of diseases like cancer 30 . Therefore, these results suggested that CFSc possessed significant free radical scavenging activity and so can be developed as chemo-preventive agent against cancer.
Growth inhibition of breast cancer cells by Chloroform fraction of S. chirata
In present study, anti-proliferative activity of CFSc against two preselected human breast cancer cells MCF-7 and MDA-MB-231 was assayed by using MTT dye. MDA-MB-231 and MCF-7 cancer cells were treated with different concentrations of CFSc ranging from 6.25µg/mL-400µg/mL, and the bar graph indicated percentage inhibition in treated cells verses untreated cells. The IC50 as compared to that of untreated cells was determined as shown in (Table-1 ). The CFSc demonstrated potent antiproliferative activity against human breast cancer cells (MCF-7 and MDA-MB-231) in a dose and timedependent manner (Fig 2) .
The anti-cancerous activity of medicinal plants is attributed to their phytochemical content (31, 32) . This is evidenced by previous reports which have indicated a direct association between the amount of polyphenols, tri-terpenoids present in medicinal plants and their cancer prevention ability 30, 33 . Hence, from our experimental findings it could be concluded that presence of adequate amount of polyphenols, Fatty acids, tri-terpenoids, may be responsible for anti-cancer activity of CFSc.
CONCLUSION
The GC-MS analysis of the volatile compounds of CFSc showed the presence of variety of compounds in which major groups were tri-terpenoids, fatty acids and, ketones group. However the major highlight of our study is the identification of two important bioactive components [(Urs-12-en-28-al,3-acetyloxy)] and viminalol in CFSc. The presence of these two along with other phytochemicals can be attributed to the significant antioxidant as well as anti-proliferative activity of CFSc against human breast cancer cells. However, ongoing studies in our laboratory are focusing on isolation of active compounds from CFSc in search of its potent chemo-preventive agent. Future studies are warranted for validation of our results through using herbal preparation of CFSc as complementary and alternative medicine for breast cancer.
